T cell-mediated autoimmune diseases such as type 1 diabetes (T1D) are believed to be the result in part of inefficient negative selection of self-specific thymocytes. However, the events regulating thymic negative selection are not fully understood. In the current study, we demonstrate that nonobese diabetic (NOD) mice lacking expression of the Mer tyrosine kinase (MerTK) have reduced inflammation of the pancreatic islets and fail to develop diabetes. Furthermore, NOD mice deficient in MerTK expression (Mer ؊/؊ ) exhibit a reduced frequency of ␤ cell-specific T cells independent of immunoregulatory effectors. The establishment of bone marrow chimeric mice demonstrated that the block in ␤ cell autoimmunity required hematopoietic-derived cells lacking MerTK expression. Notably, fetal thymic organ cultures and self-peptide administration showed increased thymic negative selection in Mer ؊/؊ mice. Finally, thymic dendritic cells (DC) prepared from Mer ؊/؊ mice exhibited an increased capacity to induce thymocyte apoptosis in a peptide-specific manner in vitro. These findings provide evidence for a unique mechanism involving MerTK-mediated regulation of thymocyte negative selection and thymic DC, and suggest a role for MerTK in contributing to ␤ cell autoimmunity.
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dendritic cells ͉ receptor tyrosine kinase ͉ type 1 diabetes T he breakdown of central and/or peripheral tolerance (1) (2) (3) (4) (5) (6) (7) can result in the development of T cell mediated autoimmune diseases such as type 1 diabetes (T1D), multiple sclerosis, and rheumatoid arthritis (8) (9) (10) (11) . The failure in T cell tolerance is generally influenced by a number of genes, most of which have yet to be identified (12) . In the nonobese diabetic (NOD) mouse, a spontaneous model for T1D, both inefficient negative selection and dysregulation of peripheral tolerance mechanisms contribute to the development and activation, respectively, of pathogenic T cells that target the insulin producing ␤ cells found in the islets of Langerhans (13) . Inefficient negative selection in NOD mice is partly the result of the peptide binding properties of the MHC class II molecule IA g7 , and the relative insensitivity of NOD CD4 ϩ CD8 ϩ double-positive (DP) thymocytes to apoptosis-inducing events (9, 14, 15) . One intriguing possibility is that the efficiency of negative selection is also regulated by the activation and/or functional state of medullary thymic epithelial cells (mTEC) and resident dendritic cells (DC). For instance events that regulate the avidity between DP thymocytes and mTEC and/or thymic DC may influence the efficiency of negative selection. This is likely similar to mechanisms in the periphery.
The activation and maturation status of peripheral DC is critical for determining the outcome of a T cell response (16) . Immature DC found under homeostatic conditions are characterized by low levels of MHC and T cell costimulatory molecules such as CD40, CD80, and CD86, and typically mediate clonal anergy/deletion of naïve T cells (17) . However, upon activation and subsequent maturation, DC upregulate MHC and costimulatory molecules and secrete proinflammatory cytokines to promote robust expansion and effector T cell differentiation (17) .
Our group and others demonstrated that the Mer tyrosine kinase (MerTK) negatively regulates antigen presenting cells (APC) such as DC and macrophages (M) (18) (19) (20) (21) . MerTK belongs to a family of receptor tyrosine kinases (RTKs) consisting of Axl and Tyro3 (22, 23) . Mice lacking expression of all 3 RTKs have hyperactive APC in the periphery, resulting in systemic autoimmunity characterized by T cell infiltrates in several tissues (24) . In addition to DC and M, MerTK is expressed by NK T cells, NK cells, epithelia and endothelia cell types, and B cells, but not T cells (25, 26) . MerTK is necessary for efficient clearance of apoptotic cells (AC) by certain subsets of M and retinal pigment epithelial cells (27) (28) (29) . Recently, we demonstrated that MerTK is critical for transducing signals that mediate the inhibitory effect of AC on immature DC (18) . The binding of AC by immature DC blocks subsequent activation and establishes a stable ''tolergenic'' DC phenotype. Interestingly, the gene encoding MerTK is found in a T1D genetic susceptibility locus in mice. Mertk is located in the 95% confidence interval of Idd13 on chromosome (Chr.) 2 (30) . Idd13 consists of at least 2 subloci, one of which contains the ␤2 microglobulin gene (30) . Currently, it is not known whether MerTK contributes to T1D susceptibility.
To assess the role of MerTK in the development of T1D, the MerTK ''kinase-dead'' mutation (Mertk KD ) was introgressed onto the NOD genetic background. Our findings support a key role for MerTK in immunoregulation of thymic negative selection. NOD mice lacking MerTK expression (Mer Ϫ/Ϫ ) were protected from diabetes because of enhanced negative selection and the depletion of pathogenic ␤ cell-specific T precursors. These findings identify a novel mechanism of thymic immune homeostasis and suggest a role for MerTK in contributing to T1D. via restriction fragment length polymorphism (Fig. S1 ). Wildtype (Mer ϩ/ϩ ), heterozygous (Mer ϩ/Ϫ ), and homozygous (Mer Ϫ/Ϫ ) female littermates were monitored for diabetes. The time of onset and frequency of diabetes were similar between Mer ϩ/ϩ and Mer ϩ/Ϫ female littermates (Fig. 1A) . Strikingly, none of the Mer Ϫ/Ϫ female littermates developed diabetes up to 52 weeks of age (Fig. 1 A) .
Lack of diabetes correlated with a reduced frequency of cell infiltration of the islets in Mer Ϫ/Ϫ versus Mer ϩ/Ϫ female littermates. The majority of islets in 12 (63 Ϯ 18% versus 33 Ϯ 15%) and 17-wk-old (65 Ϯ 12% versus 25 Ϯ 8%) Mer Ϫ/Ϫ but not Mer ϩ/Ϫ female mice were free of insulitis (Fig. 1B) (Fig. 1C) . In contrast, Mer Ϫ/Ϫ islets were mostly infiltrated with B cells (51 Ϯ 14%) and CD8 ϩ T cells (37 Ϯ 11%), while CD4 ϩ T cells (11 Ϯ 4%) were reduced in the infiltrate (Fig.  1C) . These data indicate that insulitis is altered and overt diabetes prevented in Mer Ϫ/Ϫ female mice.
Because Mertk is found within the Idd13 interval it was important to rule out that diabetes resistance in Mer Ϫ/Ϫ mice was independent of Mertk KD and the result of an unidentified gene found in the 17-cM region of 129/Ola Chr. 2. NOD mice were established using a speed congenic approach which contained a 44-cM span of wild-type 129/Ola Chr. 2 including Idd13 and Mertk (Table S1 ). No significant difference in the time of onset or frequency of diabetes was observed between female wild-type NOD mice (NOD-129.Chr2 Ϫ/Ϫ ) compared to a fifth backcross generation of NOD female littermates heterozygous (NOD-129.Chr2 ϩ/Ϫ ) or homozygous (NOD-129.Chr2 ϩ/ϩ ) for the 129/ Ola Chr. 2 segment (Fig. 1D) . Therefore the lack of diabetes in Mer Ϫ/Ϫ mice was Mertk KD dependent. 
H2K d tetramers complexed with the diabetogenic NRP-V7 mimetic peptide demonstrated a reduced frequency of NRP-V7-specific CD8
ϩ T cells in the islet infiltrates of 12-wk-old Mer Ϫ/Ϫ (2.3%) compared to Mer ϩ/Ϫ (9.4%) female littermates (Fig. 2B) .
The above findings indicated that the lack of diabetes in Mer Ϫ/Ϫ mice correlated with a reduced frequency of type 1 ␤ cell-specific T effectors independent of immunoregulatory T cells. To confirm the latter, adoptive transfer experiments were performed. Initially, diabetes was monitored in 4-wk-old female Mer ϩ/Ϫ or Mer Ϫ/Ϫ mice receiving 5 ϫ 10 6 diabetogenic CD4 ϩ T cells expressing the BDC2.5 clonotypic TCR. All Mer ϩ/Ϫ and Mer Ϫ/Ϫ recipients developed diabetes within 12 days posttransfer (Fig. 2C) . Additionally, CD4
ϩ BDC T cells were mixed with splenocytes from either 8-wk-old Mer ϩ/Ϫ or Mer Ϫ/Ϫ mice and then transferred into NOD.scid mice. All recipient mice developed diabetes within 4-6 days posttransfer regardless of whether Mer ϩ/Ϫ or Mer Ϫ/Ϫ splenocytes were used (data not shown). No difference was detected in the number (Fig. 2D) MerTK is expressed by bone marrow (bm)-derived cells, and epithelial and endothelial cell types (22, 23) . To determine the contribution of these cell types in preventing T1D in Mer Ϫ/Ϫ mice, bm chimeric NOD mice were established. Initially, 8-wk-old NOD or Mer Ϫ/Ϫ female mice were lethally irradiated and reconstituted with bm prepared from NOD mice expressing a transgene encoding green fluorescent protein (NOD.GFP). Reconstitution with donor bm typically resulted in Ն80% of splenic CD4 ϩ T cells expressing GFP as measured by flow cytometry (Fig. S2) . Both NOD and Mer Ϫ/Ϫ recipients developed diabetes at a similar time of onset and frequency (Fig.  3A) , indicating that nonhematopoietic cells in Mer Ϫ/Ϫ recipients were insufficient to block the development of pathogenic effectors from donor NOD.GFP bm. Next, 8-wk-old NOD female mice were irradiated and reconstituted with NOD.GFP or Mer Ϫ/Ϫ .GFP bm. The majority of NOD.GFP bm recipients developed diabetes (Fig. 3B) . In contrast, all Mer Ϫ/Ϫ .GFP bm recipients remained diabetes free (Fig. 3B) . Lack of diabetes in Mer Ϫ/Ϫ .GFP bm recipients correlated with a reduced frequency of islet infiltrating H2K d -NRPV7 ϩ CD8 ϩ T cells relative to NOD.GFP bm recipients 8 wk posttransfer (Fig. 3C ). These data demonstrate that reduced ␤ cell autoimmunity in Mer Ϫ/Ϫ mice is mediated by bm-derived cells.
Thymic Negative Selection in Mer ؊/؊ Mice Is Enhanced. Reduced pathogenic T effectors in the absence of enhanced immunoregulation suggested that self-tolerance in Mer Ϫ/Ϫ mice was established via increased thymic negative selection. To test this hypothesis, fetal thymic organ cultures (FTOC) were established from Mertk ϩ/Ϫ and Mertk Ϫ/Ϫ day 13 NOD embryo donors expressing the BDC2.5 clonotypic TCR, and cultured for 6 days with the BDC2.5 mimetic peptide (mBDC) or a control ovalbumin peptide (Ova 323-339 ). In Ova 323-339 -treated FTOC, no difference was detected in the frequency of DP, CD4
Ϫ CD8 Ϫ double negative (DN), CD4 ϩ single-positive (SP), and CD8 ϩ SP thymocytes prepared from Mer ϩ/Ϫ .BDC and Mer Ϫ/Ϫ .BDC thymic lobes (Fig. 4A) . In contrast, the frequency of DP thymocytes was significantly reduced and a compensatory increase in CD8 ϩ SP thymocytes detected in Mer Ϫ/Ϫ .BDC versus Mer ϩ/Ϫ .BDC FTOC treated with mBDC (Fig. 4A) . Depletion of DP thymocytes in mBDC-treated FTOC correlated with an increased frequency of apoptotic DP in Mer Ϫ/Ϫ .BDC versus Mer ϩ/Ϫ .BDC thymic lobes (Fig. 4B) .
To determine whether enhanced negative selection could also be detected in vivo, 4-wk-old Mer ϩ/Ϫ .BDC and Mer Ϫ/Ϫ .BDC female mice received a single injection of 300 or 900 g of mBDC and 6 h later apoptosis within DP thymocytes measured. Treatment with mBDC induced increased apoptosis of DP thymocytes in Mer Ϫ/Ϫ .BDC versus Mer ϩ/Ϫ .BDC mice (Fig. 4C) . Induction of apoptosis was peptide specific because mBDC treatment of wild-type NOD mice did not induce increased apoptosis of DP thymocytes relative to an untreated group (data not shown).
Mer ؊/؊ Thymic DC Mediate Enhanced Thymic Negative Selection in
Vitro. mTEC and DC mediate thymocyte negative selection. Because bm-derived cells were required to prevent T1D in Mer Ϫ/Ϫ mice (Fig. 3) , DC likely promoted the enhanced thymic negative selection in Mer Ϫ/Ϫ mice. To test this possibility, an in vitro negative selection assay was used. Thymic DCs prepared from Mer ϩ/Ϫ or Mer Ϫ/Ϫ mice were pulsed with mBDC or Ova 322-339 , cocultured with NOD.BDC thymocytes, and apoptosis was measured in DP thymocytes. Apoptosis of DP thymocytes was increased in cultures of mBDC-pulsed thymic DC isolated from Mer Ϫ/Ϫ versus Mer ϩ/Ϫ mice (Fig. 5A ). Only minor differences in the frequency of CD11c ϩ CD11b ϩ , CD11c ϩ CD8␣ ϩ , and plasmacytoid DC were detected in thymic DC prepared from Mer Ϫ/Ϫ or Mer ϩ/Ϫ mice (Fig. 5 BϪD) . Furthermore, no difference in surface expression of CD40, CD80, CD86, and class II MHC (Fig. 5 BϪD) or PD-L1 and OX40L (data not shown) among the 3 major thymic DC subsets (e.g., CD11c ϩ CD11b ϩ , CD11c ϩ CD8␣ ϩ , and CD11c ϩ B220 ϩ ) was detected between Mer ϩ/ϩ , Mer ϩ/Ϫ , and Mer Ϫ/Ϫ mice. These findings demonstrate that thymic DCs lacking MerTK expression exhibit an enhanced capacity to induce thymocyte negative selection despite no marked change in thymic DC subsets or phenotypic markers for DC activation and maturation.
Discussion
The events that influence the efficacy of thymic negative selection remain ill defined. The current study identifies a novel mechanism regulating negative selection of self-specific thymocytes and the development of T cell-mediated autoimmunity. Three key observations were made in this study.
First, MerTK influences thymocyte selection. Mer Ϫ/Ϫ mice exhibited increased negative selection of ␤ cell-specific thymocytes as determined by FTOC (Fig. 4) . Depletion of DP thymocytes was increased Ϸ2-fold in mBDC-treated Mer Ϫ/Ϫ .BDC FTOC (Fig. 4A) . A similar result was obtained in vivo when apoptosis of DP thymocytes was measured in Mer Ϫ/Ϫ .BDC mice injected with mBDC (Fig. 4C) . Notably, no difference in the frequency of the respective thymocyte subsets was detected in control FTOC prepared from Mer Ϫ/Ϫ .BDC and NOD.BDC embryos, demonstrating that thymocyte development per se was not aberrantly affected by the MerTK deficiency. Indeed, equivalent T cell responses are induced in Mer Ϫ/Ϫ and NOD mice immunized with a foreign antigen (data not shown). Therefore, the lack of MerTK expression selectively affected the repertoire of autoreactive T precursors.
Enhanced negative selection of ␤ cell-specific thymocytes effectively blocked the diabetogenic response in Mer Ϫ/Ϫ mice. The pool of peripheral pathogenic T effectors was reduced in Mer Ϫ/Ϫ mice (Fig. 2) thereby altering the progression of insulitis both quantitatively and qualitatively. This reduction in pathogenic T cells limited ␤ cell destruction (Fig. 1) independent of immunoregulatory T cells (Fig. 2) . The latter is consistent with our earlier observation that a greater frequency of adoptively transferred BDC2.5 CD4 ϩ T cells develop into pathogenic type 1 effectors in Mer Ϫ/Ϫ compared to NOD recipients in which ␤ cell injury is induced by streptozotocin treatment (18) . In addition to the islets, NOD mice exhibit T cell-mediated autoimmunity specific for other tissues. Histological analysis demonstrated reduced infiltration of the salivary glands and large intestine in 12-wk-old Mer Ϫ/Ϫ versus wild-type NOD female mice (Fig. S3) , indicating that the effect of MerTK deficiency on negative selection is not limited to ␤ cell-specific thymocytes. Presumably, salivary gland and gut antigens are expressed in the thymus and are presented more efficiently in Mer Ϫ/Ϫ mice. Our findings are in marked contrast to results for mice lacking MerTK, Axl, and Tyro3 expression (24) . In the triple knockout mice that were on a heterogeneous genetic background, T cells were found infiltrating several peripheral tissues. It is possible that the deficiency of Axl and Tyro3 may alter the effects of the Mertk KD mutation on thymocyte selection. Alternatively, selfantigens targeted by T cells in the triple knockout mice may not be presented in the thymus, which may also explain why C57BL/6 mice lacking MerTK expression develop lupus-like autoimmunity with age (27) .
The second key observation made in this study is that increased negative selection in Mer Ϫ/Ϫ mice is the result of an enhanced capacity of thymic DC to delete thymocytes (Fig. 5A ). This conclusion is supported by results demonstrating that diabetes is prevented in bm chimeric mice in which hematopoietic-derived cells lacked MerTK expression (Fig. 3) . Furthermore, mTEC and cortical TEC do not express MerTK in wild-type NOD mice (C.J.K. and R.T., unpublished results). Although a role for thymic M's, which also express MerTK cannot be ruled out, it is generally believed that the primary function of M is to clear apoptotic cells in the thymus with little if any participation in thymocyte negative selection. We and others have demonstrated a critical role for MerTK in negatively regulating DC activation and maturation (18) (19) (20) 24) . MerTK is required to induce AC-mediated inhibition of immature DC from peripheral tissues by blocking the activation of the NF-B pathway (18, 20) . NF-B is an important transcription factor regulating expression of a number of genes required for DC activation, maturation, and effector function, including genes encoding MHC classes I and II, costimulatory molecules, and cytokines (17) . Somewhat surprisingly the increased capacity of Mer Ϫ/Ϫ thymic DC to mediate DP thymocyte apoptosis did not correspond with phenotypic changes typically associated with DC activation or maturation (Fig. 5) . For instance, elevated expression of MHC and/or costimulatory molecules would be expected to enhance the stimulatory function of the DC, and therefore increase thymocyte negative selection. Initial microarray experiments suggest that the mRNA expression profiles of Mer Ϫ/Ϫ versus NOD thymic DC differ, including genes associated with cell membrane structure and/or cell-to-cell interactions. These proteins may affect the avidity of the interaction between DC and thymocytes, and the efficacy of negative selection. On the basis of our findings, we propose that MerTK provides ''tonic'' signaling that regulates the capacity of thymic DC to stimulate thymocytes and induce apoptotic signals that drive negative selection. It is noteworthy that levels of expression of tissue-specific antigens in the thymus have also been linked with the development of autoreactive T precursors. For instance, reduced thymic expression of insulin is believed to limit negative selection of insulin-specific thymocytes (12) . Therefore, the efficiency of negative selection is likely to be in part influenced by levels of tissue-specific antigens expressed in the thymus, coupled with the stimulatory capacity of thymic DC, which is regulated by MerTK.
Third, this study provides evidence supporting a role for MerTK in T1D. The fact that Mertk resides within the 95% confidence interval of Idd13 suggests that MerTK polymorphisms may contribute to the progression of T1D. Importantly, Mer Ϫ/Ϫ mice express the diabetogenic isoform of the B2m gene located in Idd13, and NOD female mice homozygous for a 44-cM segment of 129/Ola Chr. 2 DNA spanning Idd13 developed diabetes at a similar time of onset and frequency as wild-type NOD littermates (Fig. 1D) . The latter directly demonstrates that the lack of diabetes in Mer Ϫ/Ϫ mice is in fact the result of the KD mutation introduced into Mertk. Distinct expression profiles and/or isoforms of MerTK may reduce the efficacy of thymic DC to mediate negative selection, resulting in an increased frequency of ␤ cell-specific T precursors residing in the periphery. As alluded to above, work by our group demonstrated that MerTK also affects the APC function of peripheral DC (18) . Here, it was found that PLN DCs lacking MerTK expression readily promote the differentiation of type 1 effectors in vivo if a sufficient frequency of diabetogenic T precursors is present. Therefore, MerTK may contribute to T1D by regulating the development of pathogenic T precursors both in the thymus and periphery.
In summary, data are provided demonstrating a unique mechanism in which MerTK regulates the efficiency of DC to mediate thymic negative selection thereby influencing the development of autoreactive T cells. In addition to T1D, MerTK may also play a role in shaping the repertoire of pathogenic T cells in other autoimmune diseases.
Methods
Mice. NOD/LtJ ''NOD,'' NOD.Cg-Tg(TcraBDC2.5)1Doi Tg(TcrbBDC2.5)2Doi ''NOD.BDC,'' 129P2/OlaHsd ''129/Ola,'' and NOD.GFP mice were maintained and bred under specific pathogen-free conditions. The establishment and genotyping of the 11th backcross generation of Mer Ϫ/Ϫ mice have been described (18) . NOD-129.Chr2 ϩ/ϩ mice were established by introgressing 129/ Ola Chr. 2 DNA for 5 generations onto the NOD genetic background. Microsatellite analysis was performed to delineate a 44-cM segment of 129/Ola Chr. 2 containing Idd13. Mice were diagnosed as diabetic following 2 consecutive readings of Ͼ250 mg/dL blood glucose. The Institutional Animal Care and Use Committee of the University of North Carolina at Chapel Hill approved our use of mice.
Isolation and Analyses of Islet-Infiltrating Cells. Pancreata were perfused with collagenase P (Roche Diagnostics), digested at 37°C, and islets enriched by Ficoll gradient and then handpicked. T cells were isolated from dissociated islets with anti-CD3 microbeads (Miltenyi Biotec). ELISPOT was carried out as described (31) with the following modifications. Irradiated splenocytes (5 ϫ 10 6 /well) and purified islet-infiltrating T cells (1 ϫ 10 4 /well) were cocultured with 10 g/mL peptide for 48 h. Islet histology was carried out as described (32) . Briefly pancreata were formalin fixed, embedded in paraffin, and sections cut 100 m apart, and stained with hematoxylin and eosin (H&E).
Flow Cytometry. The following monoclonal antibodies used for staining were purchased from BD Biosciences: anti-CD11c-APC, -CD4-APC, -CD4-PE, -CD8-PerCP, -CD3-FITC, and -CD19-PE. FoxP3-expressing CD4 ϩ CD25 ϩ T cells were identified using a mouse regulatory T cell staining kit (eBioscience). H2K d MHC class I tetramers were prepared as described (32) . Islet-infiltrating T cells were stained with anti-CD3-FITC, -CD8-PerCP, and PE-labeled tetramer loaded with either influenza nucleoprotein (NP) or NRP-V7. Stained cells were analyzed on a FACScan or FACScalibur (BD Biosciences) using Summit software (Cytomation). Bm Chimera Mice. Bm was isolated from NOD.GFP or Mer Ϫ/Ϫ . GFP mice. CD4 ϩ and CD8 ϩ T cells were depleted with GK1.5 and HO2.2, respectively, and rabbit serum complement. Bm cells (2 ϫ 10 6 ) were transferred i.v. into irradiated (1000 gy) 8-wk-old Mer ϩ/Ϫ or Mer Ϫ/Ϫ mice. Chimerism was confirmed by the presence of GFP ϩ lymphocytes in peripheral blood.
Adoptive Transfer of

FTOC.
Mer ϩ/Ϫ .BDC male and female mice were intercrossed and timed pregnancies established. Thymic lobes were removed from E13 embryos (in addition to fetal liver for genotyping), separated, and placed on Millicell culture plate insert discs (Millipore). Millicell discs were overlaid on complete RPMI medium 1640 (10% FCS, L-glutamine, Na-pyruvate, nonessential amino acids, penicillin/streptomycin and ␤-ME). After 3 days, medium containing either Ova 322-339 or mBDC (RTRPLWVRME) was replaced daily for 4 days. Thymic lobes were dissociated and stained with VAD-FMK-FITC, anti-CD4-APC, -CD8-PerCP, and -V␤4-PE (clonotypic TCR ␤ chain of the BDC TCR).
In Vivo Thymic Selection. Four-wk-old female Mer ϩ/Ϫ .BDC or Mer Ϫ/Ϫ .BDC mice were injected i.v. with 300 or 900 g of Ova322-339 or mBDC in PBS. Thymi were removed 8 h later and dissociated. Thymocytes were stained with anti-CD4-APC, -CD8-PerCP, -V␤4-PE, and VAD-FMK-FITC.
In Vitro Negative Selection by Thymic DC. Thymi were isolated from 4-wk-old Mer ϩ/Ϫ or Mer Ϫ/Ϫ mice, physically disrupted, and then digested for 1 h at 37°C in complete RPMI medium 1640 containing collagenase D (Roche Diagnostics) and DNase I (Sigma-Aldrich). DCs were pulsed with Ova 322-339 or mBDC and isolated by anti-CD11c magnetic microbeads (Miltenyi), stained with anti-CD11c-APC, and sorted with a MoFlo cell sorter (Dako). The resulting populations were routinely Ͼ95% CD11c ϩ DC. Purified peptide-pulsed DCs were cocultured with freshly isolated NOD.BDC thymocytes (5 ϫ 10 5 ) for 6 h. Thymocytes were then stained with PE-anti-CD4, PerCP-anti-CD8, and VAD-FMK-FITC.
Statistical Analyses. Statistical analyses were performed using GraphPad Prism software version 4. Diabetes frequencies were compared by Kaplan-Meir log rank test. All other data were compared by unpaired Student's t test. Findings were considered significant with P values Յ0.05.
